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ABSTRACT 
A new method for measuring the roughness of the water surface in environmental flows will be presented. It 
is based on acceleration measurements of an autonomous miniaturized Lagrangian drifter. The drifter design 
and data processing will be explained. Results from two different experiments are used to document the wide 
applicability of this method: characterization of flow structures in small streams and measurements of boat-
induced waves in a large impoundment. 
1. Introduction 
Precise measurements of displacements of the water surface in space and time provide important and detailed 
information about subsurface, i.e., riverbed and flow conditions (Noss et al., 2019) as well as about wave 
patterns and processes like the air-water gas transfer (Noss et al., 2018). Other scientific investigations where 
water surface properties can be of particular interest are the characterization of physical habitat structures or 
evaluations of bank erosion in response to boat-induced waves (Schiereck, 2003).  
Precise measurements of the water surface, however, can be challenging, particularly in natural waters. 
Current methods use pressure difference, electrical or acoustical wave sensors (e.g. in Horoshenkov et al., 
2013) but are sometimes too laborious or limited by spatial resolution. Optical methods like slope imagery or 
the water surface reflectance method feature a high potential for remote surveys and very rough surfaces, but 
necessitate a well-defined illumination, which is difficult to realize at field sides. Stationary or drifting wave 
buoys (e.g. Axys Technologies TRIAXYS Mini wave buoy) equipped with GPS and inertial navigation 
sensors are currently too large for measurements, e.g., of capillary-gravity waves in shallow (< 1 m) waters. 
2. Method 
2.1. Drifter design 
The drifter consists of a small spherical (outer diameter of 28 mm) waterproof housing sheltering the 
measurement sensor. The central element of the drifter is a nine-axis orientation sensor. The density of the 
drifter is 0.75 mg mm-3, so that it is positively buoyant and penetrates in average 18.8 mm into the water. A 
50-Hz data output rate was selected and the range of expected accelerations was set to ±2 g (at 0.2 mg 
resolution) and ±4 g (at 0.5 mg resolution, for rough conditions). Numerical simulations and verification 
measurements were conducted and compared with model estimations for stationary capillary-gravity wave 
pattern to evaluate the accuracy and limitation of the method (Noss et al., 2019). 
2.2. Data processing 
Only raw three-dimensional acceleration data m [m s-2], which contain gravitational acceleration (with a 
constant norm of g = 9.81 m s-2) in unknown directions were used for processing. A fundamental assumption 
of this processing is that high-frequency accelerations of the drifter are mainly caused by vertical 
displacements of the water surface, while acceleration associated with changes of the horizontal velocity 
components are restricted to lower frequencies. Under this assumption a high-pass filter (0.3-Hz cut-off 
frequency for deep and very slow flows, 1 Hz in fast and shallow flows) of the raw data (mf) enable the 
determination of pure vertical accelerations a = |mf| - g and vertical displacements d� = ∬ � d� d�, where t – 
time [s].       
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The method was applied in two flow environments with different aims: In a large river (Rhine) to quantify 
amplitudes of boat-induced secondary waves in vicinity to the bank line and in a small shallow stream 
(Wellbach) to detect and quantify predominate physical habitat structures and corresponding bulk 
hydrometrics. A comprehensive measurement campaign was conducted at the Iffezheim impoundment of the 
river Rhine, where 4 differently sized boats (lengths: 7.25 – 16.30 m) passed the bank line at different 
distances (20 – 80 m) and speeds (3.5 – 15 m s-1). The water surface elevation was recorded by two acoustic 
(Nortek Signature 1000 at 8 Hz and 1.8 m depth, Nortek AWAC at 4Hz and 0.8 m depth, both 5 m from 
bank line) and one pressure sensor (Driesen and Kern at 16 Hz, 0.8 m depth, 3 m from bank line). During 
selected runs of this campaign the drifter was deployed at the water surface (with distances < 0.5 m from the 
bank line) immediately before boat-induced waves approach and removed when the water surface levelled 
out. Field side and measurements at the Wellbach are explained in detail in Noss et al. (2018). 
3. Results and discussion 
The amplitudes of measured water surface displacements during two runs (Fig. 1) of the wave experiment 
show a good overall agreement between the drifter and acoustic sensors while maximum amplitudes of the 
pressure sensor are approx. 15 cm smaller. Although waves approach the measurement positions at different 
times, wave periods (1.9 s in the inset of Fig. 1a) and the development of in- and decreasing wave amplitudes 
as well as amplitude maxima (0.15 m and 0.31 m) of the drifter correspond closely to that of the AWAC. 
Further detailed measurements and analyses are necessary to take the depth attenuation and wave 
transformations close to the bank into account. However, the current results already suggest that the drifter 
enables an accurate quantification of boat-induced wave fields. This might be of particular interest for 
investigations of bank stability or erosion at sides, where acoustic measurements fail due to too shallow 
water depths or submerged bubbles and where pressure fluctuations impede a successful application of 
pressure sensors. 
Detailed results of the Wellbach measurement (given in Noss et al., 2018), which will be shown in the 
presentation, document a close relationship between water surface roughness and corresponding physical 
habitat structures (with smooth boundary turbulence, rippled flow, unbroken and broken standing waves). 
These results are in line with close relationships between measured water surface roughness in terms of 
standard deviations of water surface displacements and bulk hydrometrics, which characterize the flow, 
turbulence and near-bed conditions (correlations with mean velocity, shear velocity, Froude- and Reynolds-
numbers: r2 = 0.74 – 0.91, see Noss at al., 2019). 
 
Fig. 1. Time series (time t of the corresponding run) of water surface displacements dz in response to a 11.7-m long boat passing the bank 
(with approx. 50 m distance) at 3.65 m s-1 (a) and at 6.81 m s-1 (b). Figure inset shows the detail of the dashed region. 
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